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Andes system favor the flow along the meridians, especially in 
the United States. As a result, the number of cyclones crossing 
the United States is many times the number crossing Siberia, 
which is in fact singularly deficient in cyclones. South America 
shows a similar defect in circulation, because it lies too near 
the Tropical Zone. 

The United States is covered by an active circulation be- 
tween the Tropics and the north Polar regions, Siberia by a stag- 
iiaiit atmosphere, and Europe generally by a mixed and in- 
different circulation, since the American cyclones tend to break 
up upon the territory of Europe after crossing the Atlantic 
Ocean. Hence, the region about the Indian Ocean is favor- 
able for detecting direct synchronisms of pressure and tem- 
perature with the solar prominences by reason of its quiescent 
atmosphere, and the United States is well placed to respond 
to an iuverse synchronism, by reason o f  its actmire circulation 
with a pronounced component from the north Polar regions. 
Europe does not possess an atmosphere which registers the so- 
lar and terrestial synchronism ia  a very efficient manner. This 
may account for the fact that the E~iropeaii at,tenipts to estalJlish 
a definite synchronism have issued generally with negative 
results. As has already been suggested, too nmch empliasis 
lias been put upon the failures to make out the connection 
between the solar and the terrestrial synchronisins. 

It shoulcl be noted that C'. Norcl~nann?~ and A. Angot" cle- 
duced for certain tropical stations sm:tll residuals of tenipera- 
ture which are iri rrrse to the su1i-spot curve, but apparently 
synchronous. These authors have snioot,litcl their cmves by 
grouping successive years, ant1 have reached siiiall residuals. 
Since the synchroiiisin should display the annual variations 
intact, as given above, i t  iuay be questioned nhether any pro- 
cess for eliminating the ininor deflections from year to J ear is 
desirable. 

We also note the important fact that tlie wide amplitudes 
which are cliaracteristic of the 11-year sun-spot curve, and 
which it has been chiefly souglit to discover in the ineteoro- 
logical elements, does not, according to this research, appear 
at a11 proniinent,ly in the residuals. It is only t,he short period 
of about three years that  displays the solar terrestrial s p -  
chronism. I am not, a t  present. able to indicate what this re- 
sult. implies in solar physics, hut i t  certainly carries with it a 
change in our method of approaching the eutire problem. 

THE PROBLEM OF THE CYCLONE.  
Ry F. J. R. CORI~FI€:I I ,  d.iti 11 h c ~ l ~ o i f ,  1: 1 ,  Septeiiilicr 5, 1902.1 

It was Lord Iielviii who showed that a mass of fluicl in vor- 
tes inotioii acquires all the properties of a solitl, the chief of 
which are rigidity and elasticit?. It was on this cleinonstra- 
tion that he fouiidecl his astonishing vortex tlieory of nintter. 
He showed perfectly that an atom of matter might possilJly he 
nothing else than tlie frictionless fluid ether in a vortes st:tte. 
A ~ o r t e s  in the ether woulc~ thus possess rigidity, elasticity, 
inertia, and all other properties of matter. I n  the mine way 

*o The periuilivity of siin spots auil the mriatious o f  the iiieitii aiiuunl 
temper;ttnres of tlie atmoqphwe. M. Charles Noralmann. C'olu1)trs 
Reiiclus. Paris, *Julie, 191)3. Translation in RIontlily Wwtlirr Ervirkv, 
August .  19113. P. 371. 

?1 The hiultaneouh variations of siin G 1 ) o t s  null o f  terrrstlinl atnlos- 
pherit. ternperaturra. Prof. Alfred A n p t .  Annuairr rlr la SuciCtS. RI6- 
tt!orologique de France. June. 1903. Tranhlation iu Monthly IVrathrr 
Review, August ,  1903. P. 371. 

I The Editor l i i i s  retainrtl this palier fl)r a year in  Iiolws that till. auth,,r 
x+onltl rlnl~orate the ~iiatlrrmntit~d Iletlul.tiou of thc formultr that l i e ,  

l i u t  the Iattrr ha* tlitiuglit lirst t r i  bii~iply all11 a few rrfrrr~i~  

- ~ - _ _ _ _ _ _ _ _ _  

Major Bnrnanl. The renilrr \ r i l l  
trcate~l in inany nlo(lc~ru works c 

riro rehts hi* theairy t-ntirrlg i u i  
nlny deal with tlie cyc4oiir as if it nrrr it rot 
pitper vf any special intrrrst t l i  the stutlrnt ( i f  

results will. it ih hopell, 1r:ttl others tu R niorr ri 
subjec.t.-ED. 

a vortes in the atmosphere acquires shape and preserves it 
like any solid, as well as rigidity and elasticity. Professor 
Tait's smoke rings, which suggested to Lord Kelvin his ethereal 
vortes atoms, have all the properties of solid bodies. So. when 
I treat a revolving mass of air as being dynamically the same 
as a solid I do what Lord Kelvin has shown is perfectly ad- 
missible.' 

Poisson's general equations for rotary motion of a solid 
having one fisetl point O are gireii in most wc)rks on mechanics 
alld read as follo\vs: 

In  these ecliiatioiis ( I .  v ,  ani1 U J  are the angular velocities of 
rot:ttioii of a solid lmly with referelwe to tlie three coordinate 
a w h ,  X, 1 ,  : a i d  Z. fixed in space and intersecting at the fixed 
point 0. A,  I;, a i d  ( '  are the in(ments uf inertia of the solid 
ninsib with referelice to its own tliree principal ases, the latter 
being in niotioii relative to the three fixed axes. L, ,VI, and LV 
are the moiueiits of tlle accelerating forces that n u t  upon the 
body froin wit81iont taken n itli referellce to the tllree principal 

If we ;apply these ecluation< to a spiiiietricd solid of revo- 
lution. sucli as a ring, or an ellilmid ( J f  relolution llaviiig its 
fixed 1)oint in its axis of figure, then we oljtain the equations 
for the moTeiueiit of ii gyroscope or rutascope, or a top, and 
l i e  are able to explain a11 the motions of those bodies with 
reference tu the support on n1iic.h they stand. If, however, 
instead of supposing the revolving bocly to have a fixed poiiit, 
~e give the latter also a clefinite motion, BS. for instance, when 
the gyroscope, with its siiplmrt, is carried with the eartli 
around the earth's axis in its diurnal rotation, we can tlien 
deduce the moveiiient of the gyrowope with reference to the 
mericlian of the locality. 

If the disk of the gyroscope be snpposed to be horizontal, 
or nearly bo. and revolving rapidly :about an asis th:tt is rer- 
tical, or iiearly so, nncl if its axis is not constrained, but free 
to mole on the earth's surface, we have a case apparently 
analogous to tlir movement of a cyclone or hurricane, at least 
in so far as the latter consists of a mass of air rotating in a 
horizontal plane. Practically the air within a cyclone is known 
to be either ascending or descending and climigiiig coatinu- 
ally, so that energy is brought into it from without and car- 
ried outward from it. If tlir energies thus nclded and lost 
couiiterhnlnuce eavh nther, me iiiay perhaps hope t o  deduce 
from the laws of the gyroscopic inotioii of a solid swue insight 
into tlie laws of the iuotion of tlie hurricane :along tlie earth's 
surfwe. 

The aboi-e general equations o f  rotation were in lS5X put 
into a convenient form fur the study of the gyroscope by 
Major, afterwarcls (+eneral, J. (3. Barnard, of the Army Engi- 
neers, : m c l  his p p e r  is reprinted :as No. 90 of Tali Nostrancl's 
Science Series.' I n  RIajor Baraarcl's little volume the reader 
will find decluced from fuiiclmnentnl principles the law of 
gyroscopic niotion. which is this: If a spinning gyroscope or 
a spinning wheel be  tnriietl about :~ii asis perpendicular to its 
onn axis of rotation, a cletiectile force will be developed per- 

axes. 

~ _ _ _ _ _  __ -~ 

1 Ic'e11 n1,alldI lllrll.-EIl. 

J. C;. Bamaic!. 
d u n l j s i s  of  E4 Italy IIotioii its Alq)lirtl t l )  thr Ggrowolw. By Major 

D. Van Nobtrand, pul~l i~her,  New Tork, 1887. 
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pendicular to the plane in which it is turned. Furthermore, 
if the “spin” and the turn are both counter-clockwise, this 
deflecting force mill be upward. The measure of this force is 
(see Barnartl, 111). 4-1 and 57) clearly shown to be 

where k is the “radius of gyration * ’  of the ,qroscope; 0) is its 
angular relocity, or spin; AI is the radius of the <‘turn,” e. g.. the 

radius of the earth, aiic~ !‘ is the aiigu1:ir velocity o f  tlie turn- 

ing of the asis of spin, clue to any caiihe, e. g., the diurnal 
rotetioil of the earth. 

This agrees perfectly with what we fiucl iu the iiiotioiis o f  
terrestrial cyclones. The rotation of :L ~iiabs of air al)out its 
axis we may term its ‘* hpin; ’’ the motion of  the \\hole n1)out 
the axis of the earth is its ‘’ turn.” Therefore, the teiitleiicy 
to motion of the cyclone, as n whole, shoultl. in the Northern 
Hemisphere, be toward the North Pole; in the Southeru Hemi- 
sphere, where the spin rind the turn are both c l o c h k e  tis 
regarded from the outside, the tendelicy to niotion sho~ild l)e 
toward the South Pole. Both these conclusions agree with 
the observed motions of the cycloiies.‘ 

4Meteorologists will nut forget that in paragrapli No. 31 o f  his 4 las4l. 
treatise of 1857, bIotinns of Fluiils an11 Holiils (111 t l i ~  Earth’+ hiiif;trr.” 
published in Riinli le’~ RIatlirmati~xtl Monthly for lh6X t t i  181~0. Prof. 
William Frrrel \\as the first to show that on tho w&suin1ition tliat the 
runtionb of fluid5 are not isteil Iiy the earth’b suifacr 01 11y Ihrir owu 
internal viscosity, it  follo that  ” i f  the fluirl gyrate* from light to I(,ft 
the whole ~ i i a \ b  has a tei1denc.y to  iuoxe toward the north, I)ut if finiii 
left to right. toward the s(iut11. If e \ r r y  pa i t  of a c.yliiitlric.al inas- Iiav- 
ing its axis of rrvolution x rrtical has the bani(: angular velocity of  fij ra- 
tion as in the case of roliils, t h m .  calling thih \rlocity i t ,  th r  ~irecrding 
ecluation(51)givehfortlieacc.elrratiugforc.ein thedirwtionof the iiieiiglian 

(It 

(See fig. 1 . )  

~~~~ ~~ ~~ ~ ~ 

(55) 

where g x t r r r r s t r i a l  gravit,y. N =angular yrlcicity of t,he earl Ii‘a nib- 
tion. 8’ =small lineal ilistaucr from center to exterior of thc g>-rat.iu;: 
inass. .R = radius nf the  eart,h. i/ ci~lntitude or polar distanct: o f  t,he 
center of the gyrat,iug litass of air. 14 = angii1;~r wlocity of gyration of  
t,lte niass.” 

Again, in articles 70 and 71 F 
* ‘  The rout,w of cyclones in all part,s of t,lie wnrld, whi 

traned throughout thrir whole est,ent,. have l?em found to  
of the form of a parabola. Coniineiicing generally near th  
cyclone a t  first moves in a direutiou only a little north or si~iiitli cif west., 
according to the heinisl)here, wlieii it,s route is gra(1uallg r e c ~ i r v a t ~ d  t.t)- 
war11 the east. having its vt.rt,cs in t,lie latitude of t,lie triopica1 calm Iielb. 
This iiiotioii of  a cyclone may l ~ r  accounted for by nieaiis o f  what has 
h e n  clrmonstrat,ecl in section 31, which is, t,liat if any body, wli4lier Huill 
or solid. gyrates froin riglit to left,. it  has a tendency to move towaril the 
nclrt,li, I lut  if from left to riglit,, t,owwrd the sout,h. Heow, the int,erior 
mil most violent port,ion o f  a cyclone always gyrating friiiii right t,o left 
in the Northern Hemisphere. imd the contrary in the southern. must 
nlwaye gratlrially i m v e  t.o\vartl the ~ i o l e  of t,he hrniisphere in wliieli i t  is. 
While tJt3tWeen the eiluatur atid the t,ropical cah i  Iielt, it is carried west,- 
ward by the general westward niotion vf t.he atmnspliere tlierv, hit  aftw 
passing the tropical calm belt, tlie genrral tuot,ion of the at,iiiosplit~rt? 
carries it eastward. and hence the parabolic form of its route is the re- 
sultant of the general uotions (if the at,mosphrre and of it,s grailual IIIU- 
tiun toward the pole. 

L *  It may be seeu froin equatiaiu (5’2) that  the tend 
to move toward the pole is as sin 11’ or as t,lie cos 
also as the siltlare of tlie diameter of t,he ggrat,iny mass. Hruce. near 
the equator, where the dimeiisiuns of the cyclone are always sniall, i t  
moves slowly t,uwrard the pole. but. as it, gratlually increases it.s dimrn- 
sions, after passing its vertex, its tnotion tu 
eastward motion, are hot,li increased, ani1 lit. 
in  it,s rout.e or orbit is t,lien acwlerated, in ac 
t.ions of Redfield. 

By comparing equations ‘37 and 44 it, is seen tliat they are very similar. 
and consequent,ly t,he tiiot,ions w1iii;h satisfy them must alsl-1 11e similar. 
Hence, t h e  general motions of  t,he attncisphere ar 
cyclone. For the general iiioti(inr of t,he at,mi 
sphere form a gmnd cyclvne having the pole fur it 
torial calm belt for its liinit. But the i lens~r  11nr 
in this case being in the iiiiilrlle instead of t,he iuore rare, itisteat1 o f  as- 
cending it clesceiids a t  the pole vr center of tlie cyclone. 

These violent revolving storms are usually generated on 
or  near the equatorial border of the trade wind zones. The 
trade zones q.re usually separated by a belt called the doldrums, 
and all together follow the sun in its passage north and south. 
The southeast trades when they cross the equator assume a 
southwest direction, the cause of which is well understood; 
liken ise the northeast trades become the northwest trades to 
the south of the equator. These opposing trades, though 
usunlly separated by a narrow belt of dolclrunis, a t  times be- 
come contiguviih along an extended line. Now it cnii be cle- 
Inonhtratecl esperiiueutally that -n hen two opposing sheets of 
wiiicl meet along an o1)lique line, n whirl mill result in a clirec- 
tioii from the olhise toward the oblique angle. 

1 

FIG. 1.-P = North Pole of  th r  rzt 1. 0 = center of tlir earth. Z = 

I n  the Northern Hemisphere the opposing trades iiieeting 
along a line obliyuelg mill gil e rise to a contra-clockwise whirl, 
while in the Southern Hemisphere tlie whirl must be clockwise. 

The ortliuary explanation also that the sudden formation of 
n low,” by precipitation or otherwise,’ must cause an inrush- 
ing of ~ i n c l s  will, theoretically, in view of the earth’s rotation 
on its a&, lend to the same rebults as above. I n  the one case 
the theoretical, in the other the esperimeiitd clemonhtr a t’ 1on 
is perfect. ~ 

rezistatit.rh f r ~ > n i  t Iir earth’s hnrfwr 

~~ ~ ~~~~ - 
‘ *  Tlir mutlirru c>-vlniir ha\ iug tlir im>rr ral’iil 1111.) 

e. lwrn seen. IS to  run 
ones, an11 thuq to lle 
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But the object of this paper is to trace, if possible, the sub- 
sequent history of thie -rotating mass of air once it has been 
formed and become an entity separate from the. rest of the 
atmosphere. Thanks to the labors of Redfield, Reid, Ferrel, 
and others, we have learned that this rotational energy once 
started is not easily dissipated, but  persists for days ancl some- 
times for weeks. There are undoubtedly many slight whirls, 
lacking energy and extent, which are soon extinguished by 
counteracting forces. We shall deal, therefore, only with such 
vortices as have sufficient energy to preserve a constant rota- 
tional energy. Every cyclone must sooner or later he clissi- 
pated, but many preserve their energy by precipitation or 
otherwise, long enough to serve for purposes of investiga- 
tion. The problem is so complex and SO niany factors enter 
into i t  that an exact solut,ion is impossible. To quote Lord 
Kelvin: ‘ I  We may, therefore, a t  once say that there is no ques- 
tion in physical science which can be ccmli/t,frly and m*ct(I*ofdy 
investigated by mathematical reasoning, but that there are 
different degrees of approximation, involving assumptions 
more and more nearly coincident with observation, which may 
be arrived a t  in the solution of any particular quebtion.” We 
shall attempt, therefore, only approximations, a n d  while con- 
sidering the various forces a t  play, neglect those that we can 
in the cause of simplicity. 

I n  the first place we shall assume that the rotational energy 
of the cyclone remains constant during the time i t  is stucliecl. 
NOW, this mill not almays be the case. We shall see later on 
that this quantity may change almost abruptly, but within 
certain selected limits such an assuiuption is not inconsibtent 
with tangible results, and, therefore, this is an approximation 
which, in most cases, will not lead to very large errors. Let 
(f) be the angular velocity of the cyclone ani1 11 its radiut.: of 
gyration, while JI is its inass. We poddate ,  therefore, that 

the rotational energy 01’ remains constant within the 

limits of study. If this mere not so, the problem conld not 
be attacked, since there coulcl be no ascertainable law by which 
this energy varied. Now, every one who has studied the sub- 
ject of hurricanes must have been struck by the reinarkably 
regular curves these bodies trace upon the surface of the earth. 
The cyclone mo\Tes as a whole aiicl in a very regular way. 
The explanations of this motion have been of the vaguest a d ,  
so far as the writer knows, there have been only four: 

(a )  One is that t,hey are blown along by the prevailing 
minds; but  an attempt to verify this woulcl lead only to con- 
tradictions, for two cyclones often follow each other over the 
same area within a short time and pursue utterly difierent 
paths. It is hardly necessary to pursue this further. 

( h )  Again, they have been thought to be guided by the coast 
line, but we shall see later on that this is probably ascribing 
a cause to an effect. Besides they manage to get along very 
well without any coast lines. 

(c )  Another esplanation has been given that they are in- 
fluenced by or follow up the Gulf Stream. This is in reality 
no explanation a t  all. Beside8 they do not do so, and they 
pursue their regular courses where there is no Gulf Stream or 
any regular current for that matter. 

and the cloud beoorues cnlcl. The fall o f  rain from the (.lour1 i s  not hiif-  
ficient to  relie\e the atiiiospherr of any gieat amount of weight. an~l  
does not explain the frirniati~m of “ areas o f  low pres.;urr.” Again, the 
ascent of astreani of hot air iliirs riot tlirectlg f(arm 
difference in pressurr lwtwrrn the top aiitl bottniii n 
constitutes the so-called buoyancy, and the air will 
ing motion when this difference iq pkceetliugly cmall 
shown upon 0111’ weather maps are not the cause of the ~iirushiuy o f  
winds, but on the contrary it is the inappieciablr barnmetiic tlistrirh- 
ances, so delicate that they are iint siinrtn cipn niir weather iilrtps that 
cause the inrushing \\in&: thru, the wind.;, ~omliined with thr  rotation 
of the earth on its axis, cause tlie deeper low preszures that are b h o ~  II 
on the daily weather may. 

i?I h” it,’ 

~ 

( d )  Lastly it is customary in official weather reports to read 
of a cyclone having been ‘<deflected by an area of high 
pressure ” a t  some distant region. But an examination will 
show that they move away from or toward areas of high 
pressure as i t  may happen, modifying these areas where they 
reach them, but never being influenced by them.6 

Now, a cyclone, since it revolves simultaneously about its 
own axis and about the axis of the earth, is what is known 
dynamically as a gyroscope. I n  mechanics we have many in- 
stances in which gyrostats, by their motion, reveal the motion 
of the earth about its axis, and this motion can be calculated 
by a knowledge of the restraints imposed and the forces ap- 
plied. I n  the same manner the motion of a cyclone reveals 
the motion of the earth about its axis. 

It is the object of this paper. if nothing more, to demonetrate 
that the niotion of a cyclone is clue to its own intrinsic gyro- 
scopic forces, in other words, that it is a simple question of 
the dynamics of a certain mass of air revolving about its own 
axis aucl the axis of the earth, and of the forces impressed 
upon it. Further than this, an attempt will be macle to cal- 
culate this motion and compare i t  with the observed motion. 
d cyclone a t  the moment of its formation maybe stationary 

relatively to the earth or it may be launched with a velocity 
relative to the earth’s surface in any direction, but in either 
case, the forces brought into play mill soon steady i t  and start 
it out upon its proper course. 

C’hief of these forces is the friction of the earth’s surface. 
TT’e shall consider a cyclone as a material revolving disk, sepa- 
rate and distinct from the remaining atmosphere. This disk 
has an area immensely greater than its thickness. Conse- 
quently, the immense momentum of this mass, moving with 
it8 thin edge through tlie atmosphere, mill cause it to meet 
with no appreciable resistance from this source. It is not cer- 
tain that we are justified in neglecting this resistance, but the 
fact that results, calculated on this assumption, agree tolerably 
well with what is actually observed lead us to believe that we 
do no great wrong. 

But the friction of the cyclone over the earth’s surface, both 
rotational and transitional, must be very great. We see this 
in the appalling destructive effects of a hurricane, and in the 
treinendous seas that are raised. Unfortunately the theory of 
the friction of gases on solide and liquids has never been thor- 
oughly worked out.’ For  lack of further knowledge, we shall 
assume that this resistance is proportional to the opposed 
surface and is proportional to tlie first power of the velocity. 
I t  1)robal)ly also depends somewhat upon the pressure, but 
this does not concern us, since the pressures throughout re- 
main t,olerably constant. We make this assumption because 
it agrees approsimately with the observed facts. It is well to 
bear in mind that this is probaldy only a11 approximation and 
may be found Iater on not to be true. 

Now, this frictional couple will tend to oppose the rotational 
energy of the cyclone ancl bring i t  to rest, but we have as- 
sumed that the cyclone is continually acquiring enough energy 
from precipitation to preserve its rotational energy tolerably 
constant. 

The componeiit of this frictional couple, however, perpen- 
dicular to the earth’s axis. will tend to twist i t  backward about 

6Thr rea4ler shoultl mmhiilt the niemt~ir lig the editor, Preparatory 
Studies for Drtlut.ti\ e RIethod~ in Storm and Wrathrr Prrdictinns. An- 
nual Report, C’hief Signal (L)ffic.~r. IHF;!,, Part II.-ED. 

7ds the surfaves icif the earth and wean are very rough, they offer a 
resistance t,o the nicitioii of t,he attnospliere. which is a very complex 
iiiatt,er, aut1 is mainlg macle up of what I h a v ~  called convecticinal re- 
sistances. These resist,ances are the principle subject of study in the so- 
trrtlle~l tumultuous motion o f  liquids and gases, which hare heen elaho- 
rat,ely t,reat,etl by Boussines14. For perfectly smooth, scdid surfaces, we 
h a w  tri deal only with the viscosity r i f  t.he fluid. For smooth liquid sur-  
faces, tlie f l l i w  of a gas Iiarallel with the surface gives rise to  instability 
an11 complex wave niutiona disoussecl 1.1y Kelvin anal especially by Helm 
holz. Traiislations or abstracts of these payers are easily accessible.-ED 
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this axis. In other words, the moment of the momentum of 
the cyclone as a whole about the earth's axis will continually 
be diminished. 

Now, the projection of the surface of our cyclone upon an 
equatorial plane increases as the sine of the latitude. It is evi- 
dent, therefore, that this frictional couple about an axis 
parallel to the earth's axis mill increase as the cyclone moves 
north (or south for the Southern Hemisphere). In  other words, 
the moment of momentum of the cyclone about the earth's 
axis will decrease more rapidly the farther north it moves. 
Now, we have assumed that the frictional resistance is pro- 
portional to the surface; the forces of the friction couple, 
therefore, vary proportionately to the sine of the latitude, but 
the arm of the couple also increases as the sine of the latitude. 
It follows then that the moment of the couple tending to 
reduce the moment of momentum of the cyclone about the 
earth's axis will increase as the square of the sine of the lati- 
tude. The moment of momentum of a cyclone abont the 
earth's axis will, therefore, decrease very iuuch more rapidly 
in a high than in a low latitude. Mathematically expressed 
we can put our law in the following form: 

J- dl) 
dt 

MR' cos' 0 - + Jlk'tu sin ( I =  C'- k sin2 0 df, 

where R=radius of the earth=3437 nautical miles, or 3958 
statute miles. 

% = a n g u l a r  velocity of the cycloiie a1)out the axis of the 
at 
earth and 0 is the latitude. 

The second term Mk'cu sin 0 represents the component of the 
moment of momentum of the cyclone clue to its proper rota- 
tion about an axis parallel to that of the earth. Since i t  is 
probable that the moment of momentum of the cyclone about 
its own axis is s n d l  relatively to the iuoiiientuin of the whole 
mass about the asis of the earth we &all neglect this term. 
I n  doing so me shall introduce a certain amount of error and 
for more accurate work i t  would p r o l ~ b l y  be advisable to take 
cognizance of it. I t  is ditticult to conceive of a greater 1110- 
ment of momentum of a upclone about its axis than 10,000 JL 
while the moment about the asis of the earth is very iiiuch 
larger. However, we are here. merely sketching a method of 
attacking the problem. 

171 is tlie mass of the cyclone. 

We shall write, therefore, as an approsiniate formula 

R' cos' 8-= c - 

the Porto Rican hurricane of August, 1899. 
A t  8 p. ni. of August 7 its center was in latitude 16" 50', 

and i t  Tvas traveling mith a westward relocity of 13 miles per 
hour. At 8 p. 1u. of August 8 its center was in latitude 1s" 
50', and i t  had 8 westward velocity of nearly 8 miles an hour. 

Since at  the first point the earth moves 861.5 miles per hoar, 
and a t  the second point 851.8 miles per hour, the actual veloc- 
ity of the cyclone a t  tlie two points was 845.5 and S44 miles 
per hour, respectively. The moment of nioinentum in the first 
positiun was, therefore, 2,791,300; in the second position 
2,745,700. The difference = 45.600 = k sin' 17" 50' since n e  
take the average value of the latitude for the twenty-four 
hours. 

Now, let 11s compute the retarding effect of the friction for 
some subsequent periocl of twenty-four hours. We find that a t  
8 a. m. of August 13  the center of the cyclone was in latitude 
27'; a t  8 a. m. of L4ugiist 14 the center was in latitude 29" 30'. 

I n  the former position it was moving about one mile to the 
westward per hour; in the latter position i t  was moving di- 
rectly northward. The moments of momentum were re- 
spectively 2,453,000 and 2,:31:3,2OCJ. The decrease. therefore, 
was 109,800. But by our formula we can compute this decrease. 
Since the average latitude for the periocl is 28" 15'; we have 

k sin' d df. Let u s  apply this formula to 4/' dt s 

:. log X. = 5.686815. 

70-3 

log sin' 28" 16' = 9. 350310 
log k = 5. WG815 

5. 037125 
the product corresponds to 108,925. 

However, to plot 
the position of the center of a cyclone accurately is very dif- 

The agreement in this case is rery close. 

1 1 ,  10. 65" 

FIG. 8.-Porto Ricnn hurricane of August 7, 1899. 

ficult as well as the cletermination of its speed a t  a given 
point, so that we may expect a moderate difference between 
the ubserrecl and compite(1 values. Their general agreement, 
however, inn number of cyclones which the writer has studied, 
leads him to believe that the litw is a close approximation, 
perhaps actually true. 

Let us consider the intermediate portion of the same cy- 
clone. At H a. ni., August 10, the center mas in latitude 21' 20' 
and was traveling westward 6 miles an hour. At 8 a. m., 
August 11, tlie center was in latitude 23" and mas still going 
westnnrcl at  about the rate of (i miles an hour. 

IIoment of moiiientum a t  first point = 2, 665. 250 
RIoment of momentum a t  second point = 2, 6 0 2 .  210 

Difference = 63,010 
Nuw, the average latitutle for the period was 22' 10'. 

log sin' 22' 10' = 9. 153.378 
log X. = 5 .  GO6S15 

log G 9 ,  310 = 4. S10193 
It may seem that this is not a w r y  close kgreemeat, but i t  is 
within the limits of accuracy with which the positions can be 
1'10 t t e d  

These positions have been taken from the Weather Bureau 
chart ani1 are interpolations, but surprisiagly accurate, coii- 
tiiclering that in this portion of its track the storm was at  sea, 
far removed from all ohervation stations. If, for instance, 
the i)osition at  S a. in., Aiigiist 10, was latitude 21" 10' in- 
stead of 21" %)', 8s we took it above, the observed and com- 
puted values in question would be 6S,560 and 68,720, re- 
spectiyely. 

The Porto Rican hurricane, therefore, throughout its course, 
as given by the Weather Bureau, followed very closely the law 

~ 1 2  cos' o 9 = C- I;S sin' t/ rlt, 
clt 
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and the same has been found to be the case with some other 
hurricanes, for which the writer has been able to obtain re- 
liable data. In  some other cases the agreement is not so close. 

We shall now consider the strictly gyroscopic character of 
the cyclone. Since it is whirling about its own axis and a t  

must be developed. This can be easily demonstrated by a 
toy gyroscope. I f  such a gyroscope as is show? in fig. 3 be 

held in the hand and given a sniart 
spin counter clockwise and then turned 
in the direction indicated by the arrow, 
imitating the motion of a cyclone, a 
strong force will be felt, tending to 
raise the instrument. The law of the 
gyroscope is that i f  the axis be tiirnetl 

about some fixed point, a force will be developed normal to the 
plane in which the axis is turned. When the two rotations are 
as in the figure, this normal deflecting force will be upward. 

Further, this force will be equal to 3 = -- - -, where k and 

10 are, respectively, the radius of gyration and the angular 

velocity of the gyroscope, and - is the angular velocity with 

which the axis is turning. R is the radius with which the 
axis turns, or the distance Cd. This explains the constant 
northing or southing in the respective hemispheres which is 
observed in all true cyclones. 

Now, if our cyclone moved over the surface of the earth 
without any friction it would be easy to compute its motion. 
If t/ represents its latitude a t  any point, and + its longitude, 
and we suppose it to start from some point ( / / o ,  # e o ) ,  the differ- 
ential equations of the motion would be 

the same time about the axis of the earth, a polar acceler a t' Ion 

FII.. 3. 

k'cu dl) 
R dt 

c+ 

dl) 
dt 

1 

kal!J azo 
-cos 8 -  - B ~~ 

2 
B dt - dt" 

where R, of course, represents the radius of the earth. If we 
represent the actual horizontal velocity of the cyclone by I?,, 

and the polar velocity by t i p  and integrate' the above eciu a t ' ions, 
we have 

k P W  

R ' V h =  v- ~ - (0-") 

and 

V represents the initial velocity of the starting point or the 
velocity with which this point on the earth's surface is moving 
about the earth's axis. In suc,h an ideal frictionless case i t  is 

1 The successive steps of the integration of these equations are as fol- 

k'?. R=- R c o s  R 9 + E 
lows. Integrating (1) we have 

R dt 
where K is a constant, depending iipon the initial couclitions of motion. 
If the cyclone starts from latitucle R,, with the same 1 eloeity as the sur- 
face of the earth at that point, we have 

vh=  V - k a f i ( B - R o )  
R 

where vb represents the velocity at any time projected upon the plaue of 
the equator. 

Since, after the initial impulse, 110 forces are buppobed to act on the 
gyroscope, the velocity, F', must remain constant throiighout. Therefore, 
vh' + vP1 = Va,  hence, 

X p z = a v k "  'J te-eo)- (ka E )' (0 -  ~,y.  
R R . These equations represent the motion of a frictionless cyclone, its has 

been stated before, but applying the correction for friction, we gc.t thc 
motion of a natural cyclone. 

easily seen that the resultant velocity is uh' + tipz = T". And 
this must be the case, since no energy is espended. But the 
forces which we are considering, in moving the cyclone over 
the earth's surface, have to do considerable work in overcom- 
ing friction. Consequently the sum total of the energy of the 
system is continually diminishing, albeit the rotational energy 
of the cyclone may be preserved nearly constant by energy 
acquired from precipitation. 

As the frictional couple which we have considered in con- 
nection with the inoment of momentum must affect chiefly the 
horizontal velocity, i t  will be a t  once seen that the equation 

v,,= T - The polar 

relocity, however, will not be SO much influenced, ancl it is 
probable that the law 

k' UJ 
( 0  - 0,) can not hold for a cyclone. 

may approximately hold. 
be written 

where the constants mill depend upon our selection of units. 
Let us apply this t80 some actual cyclones. I have taken two 
of these as charted by Piddington (Sailor's Hornbook) from 
data given by Reid ancl Redfield. The first originated in lati- 
tucle 15' north, longitude 77' west, September 27, 1837. 

We must bear in mind the difficulty even to-clay of plotting 
accurately the position of a cyclone center, and that, there- 
fore, the daily positionR as given by Reid and Redfield may be 
subject to some error. We shall, therefore, aim only at ap- 
proximate results. Let us take our velocities in iiautical miles 
per hour, and our latitude in degrees reckoned from the start- 
ing p i n t ,  viz, 15O. 

We find that from September 27 to 28 i t  was moving north- 
ward about 3 miles an hour. Again from October 9 to 10 
i t  had about that same velocity. Substituting in our equation 
t;,1 = I< 0 - h'l /Iz we have 9 = K- li' ancl 9 = 19 K - 361 P. 
:. A =  9.47 ancl Ii' = 0.47. From the formula we see that th 
has a single masimum velocity, and this occurs where h-= 
2 K 1  0. 111 the present case this woulcl correspond to about 
latitucle 25"; and the velocity itself is 'iy = 94.7 - 17 = 17.7.  
The maximum velocity is therefore, about 7 i d e s  per hour, 
which corresponds with that which actually occurred. 

Pidclington charts a cyclone which began some time in Oc- 
tober, 1846, in latitude 14' north and longitude 77.5 west. He 
plots only the positions i t  had on October 11, 12, 13, ancl 14. 
On October 11 the center is plotted at  latitude north 2 5 O ,  and 
going northward at the rate of 15 miles an hour. On Octo- 
her 1'3 it was at  31' north latitude, and traveling northward 
at  the rate of 17.5 miles an hour. 

2'35 = 11 I< - 121 Ii' 

Stated in general terms this law can 

22' = S(// - 0,) -K' ( 0 -  0 )l 

We can, therefore, write 

306 = 17 hr - 289 K' 
whence I<= 26.63 

K' = 0.33. 
October 13 the cyclone is plotted at latitude 3S0 north. Let 

u s  see what the poleward velocity should be: q: = 24 K - 571; 
A', therefore, vP = 21. Actually it wasabout 22.5. We also find 
that this cyclone woulcl have attained its masinium poleward 
velocity in latitncle 5 4 O ,  and not, as in the previous cyclone, at 
ahout the point of recurvation. From these two examples, as 
well as from a number of others, we niay conclude that the 
poleward velocity is approxiniately that clue to the gyroscopic 
forces generated, and is not influenced much by frictional 
forces. But that i t  is to some extent influenced by such forces 
must be self-evident. 

The object of the writer will have been satisfied i f  he has 
demonstratecl why a cyclone moves, and how the nature of this 
motion is dependent upon the forces called into play. The 



No-R, 1903. m T H L Y  WE 

question naturally arises whether it is possible, or will ever be 
possible, from a few given initial positions to  predict the sub- 
sequent path. It will be noted that iu the whole preceding 
discussion the energy of rotation of the cyclone has been sup- 
posed to be constant, or a t  least constant within certain limits. 
Now, this is never actually the case, though very often i t  is 
approximately so. 

I n  the case of the last cyclone cliscussed it would be possible 
to trace its course beyond October 13, although no further 
record has been left us. By the law of the diminishing mo- 
ment of momentum we might obtain the relative horizontal 
velocity for the ldth, and this, with the polar velocity which 
we have already calculated, would give 11s its position for that 
day. We could then plot its course for the nest  day, and the 
next, and although this path would not coincide with the one 
actually traced, it would give us an approximate idea of its 
subsequent course. But although many cyclones might have 
their paths predicted in advance with more or less nccuracy, i t  
is certain that others could not. The cour8e of the Galveston 
hurricane could not in any way have been foreseen up to the 
morning of the 6th of September, 1900. Previous to that time it 
was a general disturbance of no very great intensity, estencl- 
ing over pretty much the whole of the Caribbean Sea. It is 
extremely diflicult to plot the center of this disturbance from 
day to day, and, therefore, i t  is out of the question to attempt 
to deal with it analytically. But after the 6th i t  contracted, 
concentrating its energy, and becoming for all practical pur- 
poses a totally new and different cyclone. Such an abrupt 
change in the parameters can not be dealt with. 

The problem of forecasting the track of a cyclone may later 
on, with increasing knowledge and more accurate measure- 
ments, be placed upon an entirely satisfactory basis. The 
present paper is merely a preliminary sketch, discussing the 
nature of the problem and giving some hints as to how i t  
may be attacked. 

I n  this article I have not “picked out n few cases of close 
agreement,” but simply used the very meagre materinl ac- 
cessible to  me. It is my earnest desire to get more data of a 
reliable nature, and eventually find an opportunity to analyze 
the motion of hurricanes. 

I believe that I have shown that the motion of cyclones is 
due to ordinary dynamical laws inherent in themselves. I n  
some cases this motion can be precleterminecl. I do not pre- 
tend to  sny a t  present that  the path of every cyclone can be 
predicted,’ especially where the governing quantities, or the 
parametars are changing in no ascertainable way-but in a 
number of cases where the moment of inertia remains tolera- 
bly constant, or where there is a constant rotational energy, 
as is the case in the heavy tropical hurricanes. we may precle- 
termine a path with a considerable degree of accuracy. 

Before closing, the writer desires to call attention to the 
remarkable conformity esisting between our cyclone curves 
and the disposition of the coast line throughout the West 
Indies and the North American Continent. The Greater An- 
tilles, the Gulf of Mexico, and the Atlantic coast line are 
arranged along cyclone curves. This has led some writers to 
ascribe the form of the cyclone path to the configuration of 
the coast line. The exact opposite is probably the tact. 

RECENT PAPERS BEARING ON METEOROLOGY. 
Dr. W. F. R. PHILLIPS, Librarian, etc. 

The subjoined titles have been selected from the contents 
of the periodicals and serials recently received in the Library 
of the Weather Bureau. The titles selected are of papers or 
other communications bearing on meteorology or cognate 
branches of science. This is not a complete index of the 
meteorological contents of all the journals from which it has 
been compiled; it shows only the articles that  appear to the 
compiler likely to be of particular interest in connection with 

A THER ~~. 621 

Unsigned articles are indi- the work of the Weather Bureau. 
cated by a -. 
Scienee. Neio Yn-k. N. 6. Vol. 13. 

Rotch, A. Lawrence. Meteorology a t  the British Association. 
Pp. 6.57-661. 

Ward, R. DeC. Blood counts at High Altitudes. [Note on Nos. 
8 and 9 of Vol. 111, Bulletin of the  Hadley Climatological Labo- 
ratorv of the Universitv of New Mesico.1 P. 731. 

Ward:R. DeC. West fndia Hurricanes. [Note on work of James 

Ward,  R. DeC. Cloud Observations at Simla. [Note.] P. 732. 

- The Lehaudy Airship. 
Trowbridge, John. The Noise of Lightning. P. 461. 
Nollen, John. Optical Atmospheric Phenomena. P. 463. 

Baden-Powell, B. F. S. Recent Aeronautical Progress, and de- 
ductionfi t o  be drawn therefrom, regarding the future of Aerial 
Navigation. Pp. 23310-23312. 

Finn, William. Influences of the Siinspots upon Electrical and 
Magnetic Forces of the Earth. Pp. 23351-83352. 
- Lebaudy dirship Disaster. 

Nature. London. 1701. 69, 
Arcimis, Augusto. Telegraphic Disturbances in Spain on Octo- 

ber31.  P.29. 
Talbot, J. Variation of Atuiospheric Absorption. P. 30. 
Everett, J. D. Rocket Lightning. P. 30. 
West,  R. A. Explosive Action of Lightning. P. 31. 
Backhouse, T. W. Volcanic Dust, the New Bishop’s Ring,” 

Qrtnrterly Jouninl of the Royal Meteorologicnl Society. London. Vol. 29. 
The I\frteorological Aqiects o f  the Storin of Feb- 

The Relaticin of the Rainfall to  the Depth of Water 

Ptzge.1 Pp. 731-733. 

Seientifl A w i c a n .  Ne10 I’ork. Vol. 89. 
P. 411. 

Scientijic American Supplement. New York. Vol. 5G. 

P. 83381. 

and Atruospheric A~~sOrlition. P. 81. 

Shaw, W. N. 
ruary 26-47, 1903. Pp. T33-262. 

Hooker, C. P. 
in a Well. Pp. 263-282. 

Rigginson, E. Climate o f  Peru. P. 282. 
Marriott, W. The Frost of April, 1903. Pp. 283-288. 
- Cricket aud Rainfall. 
-Lightning Photography. I?. 288. 
Baxendell, J. Description of the Dines-Basendell Anemograph, 

and the Dial-Pattern Nou-O~cillating Pressure-Plate Anemometer. 
Pp. 283-208. 

-The Employment of Means in Meteorology. 
Dines, W. H. Investigation of the Upper Atmosphere by Means 

of Xites. Pp. 310-311. 
Stan. W. H. Climate of n’ei-Hili-Wri. Pp. 312-313. 
- Meteorological Observations in the British Ceutral Africa Pro- 

tectorate. Pp. 31L31.5. 

-The Rainfall of October, 1903, [in England.] 
N., W. C. Greenwich rainfall, 1841-1909. Pp. 177-179. 
Mill, Hugh Robert. 

Mill, Hugh Robert. 
Kiioioledge. London. Vol. CG. 

Damania, P. J. Radium aud the Sun’fi Heat. P. 255. 
Cobbold. Paul A. Curious Sunset Phenomena. P. 256. 
Maunder, Walter. The Sunspots ( i f  1903, October. Pp. 275-278. 

Scottiah Geognrphicccl Ilitcgclxine. Ediiibi~rgh. T b l .  13. 
~ Climate of the Philippines. [Abstriwt of article of Walter S. 

Tower.] P. 653. 
- Climate and Vegetation of C:uatemala. [Abstract of article of 

Gustav Eisen.] Pp. 654-657. 
- Cliiuate and Soil of the Samoa Islands. [Abstract of article of 

Vohltmann.) P. 660. 
London, Edinburgh, a i d  Dublin Philosophical Nngmine. London. 6th Se- 

ries. Vol. 6 .  

On Chargiug through Ion Absorption and 

The Genesis of Ions by the Motion of Posi- 
Pp. 

vel. 17. 

P. 288. 

P. 298. 

Synioi~a’s Meteorological Nagaziice. Londun. Vol. 38. 
Pp. 169-172. 

The Unexampled Loudou Raiufall of 1903. 

On the Rate o f  Fall a t  Seathwaite. P. 188. 
Pp. 179-151. 

Adams, E. P. Water Radioactivity. Pp. 663-589. 
Simpson, George C .  

Townsend, John S. 
its Bearing tm the Earth’s Pernianeut Charge. Pp. 589-598. 

tive Ions in a Gas, aud a Theory of a Sparkling Poteutial. 
598-618. 

Proceedings of the Royal Institution of Greut Britnin. 

Antrophysicccl Jozrrnnl. Chicngo. Vol. 18. 

Groyrqih icnl Journal. Lontlon. 1’01. 2. 

London. 
Dewar, -. ProlJlems of the Atmosphere. Pp. 223-230. 

Runge, C. On the Spectrum of the Aurora. Pp. 381-38’2. 

Evans, John William. 

Wieland, G. R. 

- La perturbation magnbtique du 31 octobre 1903. 

[Climate of Caupolican Bolivia, account 
given in, Esywditiou to  Caupolican, Bolivia, 1901-194Y2 1. Pp. 639-643. 

Polar Climate in Time the Major Factor in the 
Pp. 101-430. 

Pp. 417427 

Aniwicna Joirrnnl of Scitwca. New Hnnen. Jth Series. Vol. IF. 

Evolution of Plants and Animals. 
Ciel et %re. Bruxellcs. 24me annge. 


